Dendritic cells are critical for host immunity, and sense microbes with pathogen recognition receptors. New evidence indicates that these cells also sense uric acid crystals in dead cells, suggesting that the immune system is conscious not only of pathogens, but also of death and danger.
cells required antigen (signal 1) plus some help from another cell type, later found to be T cells (signal 2), for activation -signal 1 alone would kill B cells.
Unhappy with saddling T helper cells with this decision making, Lafferty and Cunningham [6] passed the buck to the antigen-presenting cells by proposing that T helper cells themselves needed two signals for activation -antigen plus 'costimulation', the latter now coming from antigen-presenting cells. This begged the question of how it is that the antigen-presenting cells might distinguish self versus foreign molecules. Janeway's ingenious solution [7] was to endow the antigen presenting cells with certain 'pattern recognition receptors' (PRRs) -highly conserved receptors expressed on dendritic cells and macrophages that would detect common structures of invading microbes, but not structures contained within our bodies. In this way, the immune cells would discriminate between self and 'infectious non self'. Janeway's theory gained considerable support with the identification of PRRs such as Toll-like receptors (TLRs) expressed in and on antigen-presenting cells, and capable of sensing various bacteria, viruses and parasites [8, 9] . That signaling through TLRs does indeed stimulate dendritic cells and innate immunity has provided compelling evidence for Janeway's model. In a radical departure from all previous incarnations, Matzinger [10] suggested that the immune system, rather than sensing self versus foreign, in fact is more adapted to sensing any form of danger, regardless of whether it was of microbial origin or not. According to this 'danger model', antigen-presenting cells are capable of sensing, not just microbes, but also any form of cellular stress or tissue damage, caused by various perturbations, including infections.
Despite much initial skepticism, experimental support for the danger model appears to be amassing slowlya clear prediction of this model is that the immune system ought to be activated not just by microbes but also by damaged or dead self tissues. Unexpected support for this came from experiments showing that certain types of dead cell were able to induce potent dendritic cell activation and cytotoxic T cell responses [11] . However, controversy flared when it was shown that apoptotic cells actually were quite inert, or even induced anti-inflammatory cytokines such as TGF-β β in antigen-presenting cells [12, 13] . The dilemma was partly resolved when several groups showed that it was necrotic rather than apoptotic cells that induced dendritic cell activation [14, 15] . The first self molecules that have been shown to represent danger signals are the heat shock proteins -several groups have suggested that certain mammalian heat shock proteins induced in necrotic tumor cells, greatly augment tumor immunogenicity [16, 17] . Also, mammalian heat shock proteins gp96 and hsp70 purified from necrotic cells induce potent dendritic cell activation, nitric oxide production and cytotoxic T cell responses [18] . Other self molecules that appear to convey a sense of danger to the immune system include intracellular nucleotides like ATP and UTP, which function in energy metabolism and are normally stored in the cytosol. These nucleotides are released from a variety of cells under conditions of hypoxia, ischemia, inflammation or even mechanical stress [19] and can activate dendritic cells. The effect of these nucleotides is mediated by triggering of the purinergic receptor, P2Z/P2X7 on dendritic cells [20] .
Shi et al.
[1] offer further compelling evidence for another molecule in the cytoplasm of dead cells that acts as a danger signal for the immune system. The cytoplasm of dead cells was fractionated by chromatography, and the different fractions were assayed for their ability to stimulate cytotoxic T cells. This assay was carried out by injecting an aliquot of each fraction into mice, together with a particulate antigen -in this case, latex beads coated with the gp120 HIV protein. Two different fractions were found to induce potent cytotoxic T cell responses -a low molecular weight fraction of less than 5 kDa, and a high molecular weight fraction of ~40-100 kDa. The researchers focused on the low molecular weight fraction and found that the major component was uric acid. As uric acid is a degradation product of nucleotides and plays a critical role in a number of biochemical processes, including for example DNA and RNA synthesis and energy transfer, the question arises as to whether the activation of dendritic cells by nucleotides observed previously [19] could have also been caused by uric acid. Unambiguous evidence that uric acid was indeed the self danger signal, came from experiments using a highly purified form of the molecule, which stimulated immune activation, and experiments using uricase, an enzyme that degrades uric acid, which reduced the ability of cytoplasm to boost the immune response.
Interestingly, the study suggests that only crystalline, but not soluble, uric acid is capable of activating den- These questions notwithstanding, the Shi paper presents a compelling case for the notion that our immunological destinies are shaped not just by the microbes that co-inhabit our planet, but also by the dangers within us -indeed, even the dead within us seem to exert their dominion over our immunity.
